Abstract. Extraskeletal osteosarcoma (ESOS) is a rare soft tissue sarcoma accounting for 1-2% of all soft tissue sarcomas. ESOS originating in the superficial (cutaneous-subcutaneous) tissue is extremely rare, and only 17 cases with subcutaneous ESOS have been reported in detail to date. The aim of the present study was to report an additional case of subcutaneous ESOS of the lower leg and review previous reports of subcutaneous ESOS, focusing on the clinical characteristics, including the MIB-1 labeling index, treatment methods and outcomes. A 79-year-old healthy man presented with a 3-year history of a painful, slowly growing mass in his right lower leg that measured ~5 cm in greatest dimension. Excisional biopsy was performed, and ESOS was diagnosed based on the histopathological findings. A wide resection was performed when local recurrence developed. Six months after the wide resection, lung metastasis was detected. Considering the patient's age, stereotactic radiotherapy was performed without chemotherapy. The patient showed no evidence of local recurrence or new distant metastases for 2 years after the second surgery. We herein present this case of subcutaneous ESOS and review the previous 17 reported cases of subcutaneous ESOS. The 5-year survival rate of patients with subcutaneous ESOS was 78.6%, which was better compared with that of ESOS cases arising in deep soft tissue. Therefore, patients with subcutaneous ESOS may have a better prognosis compared with those with deep-seated ESOS, although the mean MIB-1 labeling index of subcutaneous ESOS was 24%.
Introduction
Extraskeletal osteosarcoma (ESOS) is a rare soft tissue sarcoma defined as a malignant mesenchymal neoplasm composed of cells producing osteoid, bone and/or chondroid material, with no attachment to the bone or periosteum (1) . ESOS accounts for 1-2% of all soft tissue sarcomas and 2-4% of all osteosarcomas (1, 2) . ESOS occurs most frequently in the deep tissues of the thighs, followed by the buttocks and trunk (1) . ESOS originating in the superficial (cutaneoussubcutaneous) tissue is extremely rare (3) . To the best of our knowledge, only 17 cases of subcutaneous ESOS have been reported in detail to date. The prognosis of ESOS is reported to be worse compared with that of skeletal osteosarcoma (4) . However, there are reports of long-term survival among the 17 cases of subcutaneous ESOS (5, 6) . Furthermore, our patient with subcutaneous ESOS survived for 3 years with treatment. Therefore, superficial ESOS may have a better prognosis compared with deep-seated ESOS.
In this report, a new case of subcutaneous ESOS of the lower leg is presented, and previous reports of subcutaneous ESOS are reviewed, focusing on the clinical characteristics, including the MIB-1 labeling index, treatment methods and prognosis.
Case report
In April 2015, a 79-year-old healthy man presented with a painful, slowly growing mass in his lower right leg measuring ~5 cm in greatest dimension. The mass had been present for ~3 years, and the patient had initially consulted another hospital. There was no reported history of trauma or radiation to this area. Plain radiographs revealed an irregular calcification pattern of ~5 cm in the soft tissue of the lower right leg (Fig. 1) . Magnetic resonance imaging (MRI) revealed a 5x2-cm subcutaneous mass, superficial to the fascia of the tibialis anterior muscle. The mass was hypointense on T1-weighted Extraskeletal osteosarcoma arising in the subcutaneous tissue of the lower leg: A case report and literature review images and exhibited a heterogeneous high-intensity signal on fat-suppressed T2-weighted images (Fig. 2) . Computed tomography (CT) of the chest revealed no pulmonary lesions. Since the mass had been growing slowly, the differential diagnosis included a low-grade soft tissue sarcoma with bone mineralization, or a benign tumor. Marginal resection of the mass was performed in the previous hospital and the excised tumor was histopathologically diagnosed as ESOS; the patient was then referred to our institution for further treatment. Since the patient was elderly, it was decided not to administer chemotherapy, but to follow him up regularly.
One year after tumor resection in the previous hospital, the patient noticed a 2-cm mass in the surgical wound. Plain radiographs revealed a mass with calcification in the soft tissue of the lower leg. MRI revealed a 1x1-cm mass in the previous surgical scar that was hypointense on T1-weighted images and exhibited a heterogeneous high-intensity signal on the fat-suppressed T2-weighted images. F-18 2-fluoro-2-deoxy-glucose positron emission tomography (FDG-PET)/CT revealed accumulation of FDG only in the palpable mass of the lower leg, with a maximum standardized uptake value of 6.7 (Fig. 3) . Local recurrence of ESOS was diagnosed, and a wide resection was performed, with skin grafting from the inguinal area. On histopathological examination, the resected tumor was composed of proliferating chondrocytic cells with nuclear atypia producing coarse lacelike neoplastic bone (Fig. 4) . Immunohistochemical staining for Ki-67 revealed a high proliferative index of 35%. These findings led to a diagnosis of the chondroblastic type of ESOS. Since the patient was elderly, no postoperative chemotherapy was administered. A solitary lung metastasis appeared 6 months after resection of the recurrent tumor (Fig. 5A) , and stereotactic radiotherapy (SRT; 60 Gy/4 fractions/5 days) was delivered to the lung metastasis. There were no complications, such as radiation pneumonitis, after SRT. Since the metastatic pulmonary lesion did not increase in size for 2 years after SRT, the lesion was considered to have undergone scarification by SRT (Fig. 5B) . The patient had no evidence of local recurrence or new distant metastasis for 2 years after the second surgery at the latest follow-up date of May 14, 2018.
Discussion
ESOS mostly arises in deep soft tissues. The superficial subcutaneous tissue is rarely involved, accounting for <10% of ESOS cases (1). A PubMed search was performed to identify cases of ESOS arising in subcutaneous tissues. The search term was 'extraskeletal osteosarcoma AND subcutaneous'. A total of 34 papers were identified, only 10 of which reported the clinical characteristics of primary subcutaneous ESOS in detail (3, (5) (6) (7) (8) (9) (10) (11) (12) (13) . A total of 17 cases were included in these 10 papers. The clinical characteristics of the 17 cases and the case presented herein are summarized in Table I . These cases were of primary ESOS arising in subcutaneous tissue, rather than occurring secondarily at the site of trauma or radiotherapy. The mean age of the 18 cases was 56.3 years (range, 15-80 years). Although ESOS is common in the fifth to seventh decades of life at diagnosis (1), 30% of cases of subcutaneous ESOS were aged <40 years (6,9,11,12). Subcutaneous ESOS may develop in younger adults compared with deep-seated ESOS. The 18 patients included 9 men and 9 women. The mean tumor size of the 18 subcutaneous ESOS cases was 4.95 cm (range, 1.5-15 cm), and 11 tumors (61%), including the present case, were <5 cm in greatest dimension (3, (6) (7) (8) (9) 12, 13) . In the largest series of ESOS cases (n=266), ~80% were tumors sized >5 cm (14) . Generally, it is considered that ESOS are >5 cm, but since subcutaneous ESOS are located more superficially, a number of patients may visit the hospital for the first time while the tumor is relatively small. The sites of tumor origin were non-extremities in 10 cases and extremities in 8 cases (6 lower and 2 upper extremities). Although the majority of ESOS cases were reported to involve the extremities (14) , subcutaneous ESOS may also involve the trunk.
A preoperative diagnosis of subcutaneous ESOS was made in 9 patients; 2 cases were not diagnosed preoperatively; and there was no description in 7 cases. The preoperative diagnostic methods for 9 patients were 5 excisional biopsies, 3 needle biopsies and 1 core biopsy. With ESOS originating in the subcutaneous tissue rather than intramuscularly, the tumor is thin, and needle biopsy is difficult, even if the long axis is large. Therefore, excisional biopsy is often performed. Even in the present case, since the long diameter was 5 cm, but the thickness was only 2 cm, excisional biopsy was performed, and the diagnosis was obtained.
Similar to ESOS occurring in the deep soft tissue, wide resection is also the gold standard of treatment for subcutaneous ESOS (13) . The effectiveness of neoadjuvant or adjuvant chemotherapy for ESOS is controversial. Treatment of subcutaneous ESOS includes surgery, chemotherapy or radiotherapy (RT), alone or in combination (3,6,11). Wide resection was performed in all but one of the 18 reported cases, including the present case. In the one case that did not undergo surgery, no chemotherapy was administered, and the patient only received RT (6) . Chemotherapy was performed in 7 (38.9%) of the 18 patients, 4 of whom received neoadjuvant chemotherapy and 3 postoperative adjuvant chemotherapy. RT as adjuvant therapy was performed in only 3 cases. A recent study of ESOS with the largest number of cases reported that the 5-year disease-free survival and overall survival (OS) were significantly better in patients treated with chemotherapy compared with those not administered chemotherapy, with a 5-year OS rate of 62 and 38%, respectively (14) . Although the number of ESOS patients was small, it was reported that the effect of chemotherapy was limited. Fan et al reported that chemotherapy with doxorubicin and ifosfamide had a positive effect on local recurrence for patients with stage III disease, but had no effect on disease-specific survival (15) . The outcome of patients with subcutaneous ESOS was continuously disease-free (CDF) or alive with disease (AWD) in 14 patients [7 who received chemotherapy (6-11) and 7 who did not (3, (5) (6) (7) 12, 13] ; thus, the effectiveness of chemotherapy remains unclear. Further investigation of the usefulness of chemotherapy is required.
RT was performed in 4 patients (22%). RT was administered postoperatively in 2 cases, preoperatively in 1 case and palliatively in 1 case. The role of adjuvant RT for ESOS is debatable. Choi et al reported that there was no significant difference in disease-free survival between patients treated and those not treated with radiation (16). Longhi et al also reported that RT for ESOS decreased the incidence of local relapse for patients with tumors sized >5 cm and R0 margins, but no significant difference in local relapse rate was observed for patients with tumors >5 cm and R1 margins (14) . However, RT for patients with stage III (>5 cm) exerted a positive effect on local control, but not on disease-specific survival (15) . In the present review of subcutaneous ESOS, since the number of patients who received RT was small, its effectiveness is unclear. In the present case, postoperative adjuvant chemotherapy was not performed due to the patient's age. In addition, the patient did not receive postoperative adjuvant RT, as the histopathological assessment of the resected recurrent tumor was R0.
ESOS tends to cause local recurrence and distant metastases, and localized ESOS is reported to relapse in 40-50% of Excisional biopsy was performed on the primary tumor and wide resection was performed on the recurrent tumor. MIB1-LI, MIB-1 labeling index; M, male; F, female; ND, not described; WR, wide resection; CT, chemotherapy; RT, radiation therapy; TA, telangiectatic; OB, osteoblastic; FB, fibroblastic; GC, giant cell; CB, chondroblastic; CDF, continuously disease-free; DOD, dead of disease; DOC, dead of other cause; AWD, alive with disease.
the cases (4, 14, 16) . Choi et al reported that the local recurrence rate was 19% and that of distant metastatic recurrence 38.1% among patients with localized ESOS, all of whom had lung metastasis (16) . Longhi et al also reported that the local recurrence rate was 24.6%, and that the distant metastatic recurrence rate was 41.7% among patients with localized ESOS (14) . In the present review, only 1 case developed local recurrence 8 months after surgery (13) . In these subcutaneous ESOS series, the local recurrence rate was 5.6%, which was lower than the recurrence rate of previous ESOS cases. Furthermore (Fig. 6 ). To the best of our knowledge, this is the first report of the survival rate only for subcutaneous ESOS cases, and the prognosis may be better for subcutaneous ESOS rather than for deep-seated ESOS. There are a few reports on the prognostic factors for ESOS. Thampi et al reported that adverse prognostic factors on multivariate analysis were axial tumor site and larger tumor size (≥10 cm) (4). Choi et al also demonstrated that the prognostic factors for event-free survival of localized ESOS were significantly associated with the tumor being located superficially and having achieved R0 resection (16) . The MIB-1 labeling index evaluated by immunohistochemical staining using Ki-67 was also reported to be a prognostic factor associated with survival, and it was estimated that a value of <24% would reflect a good prognosis (6) . The mean MIB-1 labeling index with subcutaneous ESOS was 24% (range, 15-60%, n=9). The MIB-1 labeling index of the present case was 35%, which was higher than the mean in the subcutaneous ESOS series. This value of the MIB-1 labeling index corresponds to a poor prognostic factor for previous ESOS cases, but our patient has survived for 3 years as CDF. Subcutaneous ESOS is considered to be highly malignant histopathologically (1), but it is rare for a superficial tumor to invade into the deep tissue, and it is often found at a size of ≤10 cm, so that wide resection can be performed; thus, the prognosis of subcutaneous ESOS is considered to be better compared with that of ESOS arising from deeper tissues. Therefore, further information on the necessity of chemotherapy and the prognosis of subcutaneous ESOS is required.
In summary, a new case of ESOS arising in the subcutaneous tissue of the lower leg was reported. The diagnosis of subcutaneous ESOS was made by excisional biopsy, and wide resection was performed at the time of tumor recurrence. The tumor was 5 cm in greatest dimension, and the MIB-1 labeling index was 35%. Although the patient developed a solitary lung metastasis, the lesion was successfully controlled by SRT without chemotherapy, and the patient survived for 3 years as CDF. Furthermore, the previous subcutaneous ESOS cases were reviewed herein, focusing on the clinical characteristics, MIB-1 labeling index and outcomes. Patients with subcutaneous ESOS may have a better prognosis compared with those with ESOS arising from deeper soft tissue, although the mean MIB-1 labeling index of subcutaneous ESOS was 24%.
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